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Background Untreated scapholunate ligament disruption may lead to progressive
wrist arthritis. Current techniques used to treat the disruption may not prevent arthritis
because of attenuation of a reconstructive ligament substitute or failure to re-establish
normal wrist kinematics.

Questions/Purposes This study evaluates a combined synthetic-autologous technique
for the treatment of scapholunate dissociation.

Methods Scapholunate dissociation was created in six cadaveric wrists. The dorsal and
volar components of the scapholunate ligament were reconstructed using the Ligament
Augmentation & Reconstruction System (LARS; LARS, Arcsur-Tille, France) and a
modified Blatt capsulodesis performed. Reconstructed wrists were subjected to cyclic
passive motion. Outcomes were measured radiologically and compared using Student’s
t-test.

Results Carpal alignment was re-established following scapholunate ligament recon-
struction. Carpal alignment was maintained after cyclic loading.

Conclusions The technique described corrected the carpal malalignment associated
with scapholunate dissociation. Corrected positions were maintained after one thou-
sand cycles of flexion and extension without fraying or loosening of the LARS.
Clinical Relevance Current popular techniques for scapholunate reconstruction do
not address the important dorsal and palmar components of the ligament that control
their intercarpal motion. Reconstruction of the dorsal and palmar components of the
scapholunate ligament can be achieved through a dorsal approach to the wrist.

Untreated scapholunate dissociation (SLD) can progress to a  degenerative arthritis. The goal of scapholunate reconstruc-
scapholunate advanced collapse (SLAC) pattern of arthritis.">  tion is to reestablish and maintain normal radiocarpal and
A treatment algorithm was proposed by Garcia-Elias,> but intercarpal relationships but also to restore normal carpal
there is no universally accepted technique for the reconstruc-  kinematics. Altered kinematics cause progressive arthritis
tion of irreparable but reducible SLD in the absence of associated with chronic SLD. Ideally this should be achieved
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by correction of rotatory scaphoid subluxation, restoration of
the primary and secondary stabilizers, correction of lunate
extension, and restoration of carpal height. Current recon-
structive options include capsulodesis, bone-ligament-bone
graft, tenodesis, and limited wrist fusion. Many of these are
able to reestablish normal static carpal relationships but fail
to maintain them through carpal motion or under load.*®
Despite our knowledge of the primary and secondary stabil-
izers that must be injured to result in a static SLD,’ a tissue-
specific approach to reconstruction of these stabilizers is not
common, and contemporary reconstructions do not restore
ligamentous anatomy.

We report an experimental reconstruction for static SLD
that reconstitutes both the dorsal and palmar components of
the scapholunate interosseous ligament (SLIL) along with a
dorsal capsulodesis using a synthetic device, the Ligament
Augmentation & Reconstruction System (LARS; LARS, Arc-
sur-Tille, France). The purpose of this study is to determine
whether this technique can restore carpal alignment in a
cadaver model for SLD and whether the reconstruction can
maintain scapholunate alignment after cyclical loading.

Materials and Methods

A cadaveric study was undertaken using six fresh-frozen
upper limbs disarticulated at the elbow. Posteroanterior
(PA), lateral, and oblique wrist radiographs were taken of
each specimen to exclude pre-existing wrist pathology. Each
specimen was kept frozen until use. All specimens were
subject to the same protocol.

i. Extensor Carpi
Radialis Longus

iii. Capitate

v. Scaphoid ——

Dissociated

Intact Specimen
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A dorsal approach was performed through the fourth
extensor compartment. The wrist joint was exposed via a
ligament-sparing incision between the dorsal intercarpal
(DICL) and dorsal radiocarpal ligaments.® The DICL was
then released from its insertions onto the scaphoid, trapezi-
um, and trapezoid. The SLIL was inspected and, along with the
radioscaphocapitate (RSC) and palmar scaphotrapeziotrape-
zoidal (STT) ligaments, divided to produce a static SLD with a
dorsal intercalated segment instability (DISI) deformity
(=Fig. 1b). The degree of dissociation was measured in a
repeat wrist radiograph series (~Fig. 2b).

A 3-mm diameter LARS was developed by the manufac
turer specifically for this study (=Fig. 3). Tunnels for the
transosseous and transarticular passage of the LARS were
created using a 3-mm drill entering from the dorsal extra-
articular surfaces of the scaphoid and lunate at their capsu-
loligamentous insertion and directed obliquely and palmar-
wards to the volar corner of the scapholunate articulation
(=~Fig. 4a,b). The exit drill holes between the scaphoid and
lunate were collinear, and their location was determined by
direct visualization after reducing the scapholunate joint.
From the dorsal approach alone, the tapered end of the
LARS was passed from the dorsal drill hole of the lunate to
its palmar exit drill hole and then through the scaphoid from
palmar to dorsal drill holes. It was then passed through the
closed loop.

The dorsal tilt of the lunate was corrected by placing a
transradial lunate pin with the wrist flexed. The wrist was
then extended to reduce the dorsally subluxed proximal pole
of the scaphoid and to correct the radioscaphoid angle.

ii. Extensor Digitorum
Comminis

_iv. Dorsal Intercarpal
Ligament

vi, Lunate

vii. Scapholunate
Interosseous Ligament

Reconstructed

Fig. 1 (a) The intact specimen demonstrating the capsule-preserving approach to the wrist joint. (b) The dissociated specimen demonstrating
ligament release and widening of the scapholunate gap. (c) The reconstructed specimen demonstrating the LARS in situ and a drill hole in the
dorsal capitate in preparation for fixation with biotenodesis screw. (d) The completed reconstruction with the DICL secured to the distal pole of the

scaphoid with a bone anchor.
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Fig. 2 The LARS that was manufactured specifically for the study.

Unoperated Specimen Dissociated

Closed loop

Reconstructed After loading

Fig. 3 (a) PA radiograph of the unoperated specimen demonstrating the absence of pre-existing wrist pathology. (b) PA radiograph of the dissociated
specimen demonstrating a widened scapholunate gap, loss of parallelism, extended lunate and scaphoid ring sign. (c) PA radiograph of the reconstructed
specimen showing correction of the carpal malalignment noted in =Fig. 2b and a lucency in the capitate representing the drill hole for the biotenodesis
screw. (d) PA radiograph of the reconstructed specimen after cyclic loading showing no change in carpal alignment.

Distal

Radial

a Proximal

Dorsal

Radial

b

Fig. 4 Line drawing of the ligament reconstruction to demonstrate
the course of the intraosseous tunnels and the passage of LARS. (a)
Coronal view of the right wrist from a dorsal perspective. (b) Axial view
of a right wrist looking from proximal to distal.
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Pronation of the scaphoid was corrected as the dorsally
subluxed scaphoid was reduced and the scapholunate inter-
val closed by a bone reduction clamp. There was no require-
ment for guide wires. The position of the reduced scaphoid
was maintained with scapholunate and scaphocapitate
Kirschner wires (K-wires) and checked by fluoroscopy. The
LARS was then tensioned by hand and its free end fixed by a 4-
mm bioabsorbable interference fit screw (Device Technolo-
gies, Melbourne) to the dorsal capitate (=Fig. 1c). The inter-
ference screw kit allows maintenance of tension while screw
is inserted. The dorsal capitate was chosen as the fixation
point for the free end of the LARS because it is not possible to
transfix the LARS to either the lunate or the scaphoid while
maintaining tension.

All of the K-wires were then removed. The free end of the
DICL, previously released from the scaphoid and the adjacent
distal carpal row to effect static instability of the scapholunate
articulation, was secured to the distal pole of the scaphoid by
a mini bone anchor and 3/0 nonabsorbable suture, a tech-
nique established by Rehak et al in 1994.° This Szabo modifi-
cation of the Blatt procedure was performed to prevent
excessive flexion of the scaphoid.'® The skin was closed using
a continuous nylon suture and a wrist radiograph series
repeated. The operated cadaver wrists were then subjected
to one thousand cycles of continuous passive motion from 45

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Cadaveric Scapholunate Reconstruction Engetal. 195

degrees of flexion to 45 degrees of extension in a purpose-
built electric motorized machine (~Fig. 5a-c). The sutured
skin was then reopened to allow direct assessment of the
reconstruction for loss of position, carpal bone fracture, and
fraying of LARS. The wrist radiograph series was repeated for
a fourth time (~Fig. 3d).

In each series of wrist radiographs, the scapholunate gap,
radiolunate, radioscaphoid and scapholunate angles were
measured. Measurements were performed using a ruler
and a goniometer. Mean measurements were compared using
the Student’s t-test.

Results

Key results are summarized in =Table 1. None of the wrists
had pre-existing static scapholunate dissociation or other
wrist pathology that was demonstrable either on the radio-
graphs or by direct inspection. The mean unoperated sca-
pholunate gap (SLG) was 0.93 mm. The mean scapholunate
(SL), radiolunate (RL), and radioscaphoid (RS) angles before
dissociation were 47.8 degrees, -5 degrees of extension, and
41 degrees in flexion, respectively. The mean SLG after
ligament sectioning was 5.5 mm. The mean SL, RL and RS
angles increased to 78.3 degrees, -9.2 degrees of extension,
and 52.5 degrees of flexion respectively.

All measurements after reconstruction were within nor-
mal carpal alignment limits."" The mean reconstructed SLG
was 0.95 mm (p = 0.18), and the mean SL angle was restored
to 46.5 degrees (p = 0.33). The reconstructed mean RL angle
(2.17 degrees) was significantly less than the unoperated
average (p = 0.04). The difference between the unoperated
(41 degrees) and reconstructed (37.33 degrees) RS angles was
also significant (p = 0.006).

Cyclic flexion-extension did not result in statistically signif-
icant loss of position. There was no evidence of ligament
¢ fraying at the bone-LARS interface, nor were there any bony
fractures or loss of position. Two biotenodesis screws fractured
during insertion due to inexperience inserting the absorbable

Fig. 5 The purpose-built continuous passive motion machine.
(a) 45 degrees of extension. (b) Neutral. (c) 45 degrees of flexion.

Table 1 Comparison of measured carpal relationships and with normal ranges for angle measurements

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Intact Specimen Dissociated Reconstructed mean Cyclic loading
mean (range) mean (range) (range) mean (range)
A B p(A-B) |cC p(A-C) |D p(C-D) | Norm
SL gap (mm) | 0.93 5.5 <0.01 0.95 0.18 0.95 1
(0.9-1) (4-7) (0.9-1) (0.9-1)
SL angle 48 ° 78 0 <0.01 47 ° 0.33 49 ° 0.14 51 ° (36-66)
(35-55) | (70-85) (40-52) (41-60)
RL angle -5° 90 0.008 2° 0.04 4° 0.06 -1°
(1-8) (6-12) -(0-4) (3-4) (-10-12)
RS angle 41° 530 <0.01 37° 0.006 37° 0.7 52°
(38-44) | (50-60) (34-42) (30-44) (35-65)

Results of significance testing (Student’s t-test). Significant differences from the unoperated specimens are noted for the dissociated specimens across all
indices and the reconstructed specimens across RL and RS angle. The stressed specimens were not significantly different from the reconstructed specimens.
Abbreviations: A, intact specimen; B, dissociated specimen; C, reconstructed specimen; D, reconstructed specimen after cyclic loading; Norm, normal
range; p(A - B), p-value for the difference between the intact specimen and the dissociated specimen; p(A - C), p-value for the difference between the
intact specimen and the reconstructed specimen; p(C - D), p-value for the difference between the reconstructed specimen before and after cyclic
loading; RL, radiolunate; SL, scapholunate.
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screw at an angle different from that of the drill hole. These
were removed and replaced without complication.

Discussion

The treatment of chronic reducible SLD is challenging. There
is no universally accepted method of reconstruction. The
limitations experienced in reconstructions of the dorsal
component in isolation suggest that both dorsal and volar
components of the SLIL should be addressed in the ideal
reconstruction.'? "3

The normal kinematics of scaphoid and lunate involve
some degree of independent motion. The scaphoid flexes
more than the lunate by 19 degrees in 60 degrees of wrist
flexion and extends 13 degrees more in 60 degrees of wrist
extension.'# The reconstruction method in this study may not
allow independent movements of the scaphoid and lunate,
and hence does not restore normal kinematics, particularly
because the relatively inelastic LARS has biomechanical
properties that differ from an intact SLIL. However, recon-
struction of both the palmar and dorsal components of the
SLIL may be permissive of small amounts of independent
movement, depending on the tension in the repair. In this
construct, a torsional force at the scapholunate interval will
be transferred into a compressive stabilizing force where
reconstructing a single limb of the SLIL would result in shear.

The SLIL has biomechanical properties that are different
from those of autologous tissues used to reconstruct it,
though those may seem grossly similar. In 1990, Kuhlmann
and associates defined the biomechanical properties of the
fibrous structures of the wrist. The SLIL had a modulus of
elasticity that was lower than those of tendon, aponeurosis,
retinaculum, and capsular wrist ligaments.'”” The yield
strengths of the dorsal and volar components of the SLIL
have been measured at 260N and 117N respectively.15’16
These differences are compounded by the effect of immobili-
zation and rehabilitation on remodeling of the reconstructive
tissues.!” It is possible that, although it restores the anatomy,
a SLAC wrist may still occur, and perhaps an alternate
prosthesis or tissue-engineered substitute'® with properties
that more closely represent an intact SLIL may be more
appropriate in a clinical setting.

The use of the LARS ligament in this model of SL recon-
struction is a study in the use of a ligament substitute and to
eliminate the variables associated with using a tendon for
reconstruction. LARS is a synthetic braided polyester (terre-
suisse-polyethylene terephthalate) ligament replacement
device. LARS used for patella tendon reconstruction has a
yield strength of up to 1500 N and is relatively inelastic, with
elongation of 9.6%, though this increases after fibrous in-
growth (16.4%)."° It is purported to have a lower risk of
reactive synovitis than other synthetic ligament reconstruc-
tions because fibrous tissue ingrowth provides a viscoelastic
layer between fibers, minimizing interfiber abrasion, which
has been implicated in fiber particle-induced synovitis and
failure in other artificial ligaments.?® It has been in clinical use
for over 15 years, most commonly for anterior cruciate
ligament reconstruction in the knee.?'-?2
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LARS has not been used in the wrist to date. There are,
however, concerns about the amount of fibrous tissue in-
growth, ligament wear, slippage from the bone tunnels, and
partial tearing of the artificial ligament, which lead to a
significant decrease in ultimate tensile strength.?>

Secondary stabilizers play a role in static SLD. Isolated
sectioning of the SLIL leads to a change in scaphoid and lunate
motion, but not static SLD.”"'* Ligaments that have been
implicated as secondary stabilizers of the scaphoid include
the STT, RSC, DIC, and dorsal radio carpal ligament.” Which of
these ligaments, alone or in combination, are most important
in restoring carpal stability is not known. Nevertheless, it
seems clear that some effort to replace the function of these
ligaments should be attempted in managing static SLD. The
volar extrinsic ligaments are not directly addressed using our
repair method. Neither the STT ligament nor the RSC liga-
ments were reconstructed, though they may potentially be
damaged in more severe injuries, which would contribute to
rotatory subluxation of the scaphoid.

There are limitations to this study. The testing of wrists in
flexion and extension is not physiological. The dart thrower’s
motion places more emphasis on midcarpal motion and
relative sparing of the proximal intercarpal motion.?* Though
flexion-extension is not a physiological arc of motion, it may
be a better test of a scapholunate reconstruction. Also, 1,000
cycles is a relatively small number. Though fraying of the LARS
was not observed, it may occur at higher repetitions, particu-
larly around bony tunnel edges. In a clinical scenario, burring
of the edges may minimize this potential problem but may
increase the risk of fracture. Also, the incidence of avascular
necrosis, synovitis, and loss of active range of motion could
not be measured in this study.

Using this technique, the scapholunate gap was reduced
and flexion of the scaphoid and extension of the lunate were
corrected. The significant change in the RL and RS angles
implies some overcorrection, which may be the result of the
dorsal capsulodesis. The technique that is presented is a
combined synthetic-autogenous reconstruction designed to
address some of the deficiencies of contemporary methods of
SLIL reconstruction. Further study will be necessary to deter-
mine whether these preliminary encouraging results can be
maintained in the clinical situation.

Acknowledgments
We thank lan Bouch of the Anatomy Department at
Melbourne University and Peter Domillo of the Monash
University Department of Biological Sciences for assistance
organizing specimen dissection, lan Tew of Zimmer for
making cadavers available, Julie Knowlan of Phillips for
providing the C-arm for X-ray imaging, Heith Priestly of
Device Technologies for providing the biotenodesis screws
and mini-Mitek anchors, Diana Bosak-Smith of Corin
Australia for assistance in arranging manufacture and
supply of the LARS device, and the Victorian Orthopaedic
Research Trust.

The study was approved by our institutional ethical
review board, Monash University.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



This work was performed at the Department of Anato-
my, Melbourne University and the Victorian Hand Surgery
Associates, Fitzroy.

Conflict of Interest
None

References

1

N

w

(%3]

(o))

~

oo

o

Watson HK, Weinzweig ], Zeppieri J. The natural progression of
scaphoid instability. Hand Clin 1997;13(1):39-49

Palmer AK, Dobyns JH, Linscheid RL. Management of post-trau-
matic instability of the wrist secondary to ligament rupture. ] Hand
Surg Am 1978;3(6):507-532

Garcia-Elias M, Lluch AL, Stanley JK. Three-ligament tenodesis for
the treatment of scapholunate dissociation: indications and sur-
gical technique. ] Hand Surg Am 2006;31(1):125-134

Soong M, Merrell GA, Ortmann F IV, Weiss AP. Long-term results of
bone-retinaculum-bone autograft for scapholunate instability. ]
Hand Surg Am 2013;38(3):504-508

Delétang F, Segret ], Dap F, Dautel G. Chronic scapholunate
instability treated by scaphocapitate fusion: a midterm outcome
perspective. Orthop Traumatol Surg Res 2011;97(2):164-171
Short WH, Werner FW, Sutton LG. Dynamic biomechanical evalu-
ation of the dorsal intercarpal ligament repair for scapholunate
instability. ] Hand Surg Am 2009;34(4):652-659

Short WH, Werner FW, Fortino MD, Palmer AK, Mann KA. A
dynamic biomechanical study of scapholunate ligament section-
ing. ] Hand Surg Am 1995;20(6):986-999

Berger RA, Bishop AT, Bettinger PC. New dorsal capsulotomy for
the surgical exposure of the wrist. Ann Plast Surg 1995;35(1):
54-59

Rehak DC, Sotereanos DG, Bowman MW, Herndon JH. The Mitek
bone anchor: application to the hand, wrist and elbow. ] Hand Surg
Am 1994;19(5):853-860

Slater RR Jr, Szabo RM. Dorsal intercarpal ligament capsulodesis:
biomechanical evaluation. ] Hand Surg Am 2009;34(7):
1357-1358, author reply 1358

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Cadaveric Scapholunate Reconstruction Eng et al.

Larsen CF, Mathiesen FK, Lindequist S. Measurements of carpal
bone angles on lateral wrist radiographs. ] Hand Surg Am 1991;
16(5):888-893

Henry M. Reconstruction of both volar and dorsal limbs of the
scapholunate interosseous ligament. ] Hand Surg Am 2013;38(8):
1625-1634

Dunn M]J, Johnson C. Static scapholunate dissociation: a new
reconstruction technique using a volar and dorsal approach in a
cadaver model. ] Hand Surg Am 2001;26(4):749-754

Moojen TM, Snel JG, Ritt MJ, Venema HW, Kauer JM, Bos KE. Scaphoid
kinematics in vivo. ] Hand Surg Am 2002;27(6):1003-1010
Kuhlmann ]N, Luboinski ], Laudet C, et al. Properties of the fibrous
structures of the wrist. ] Hand Surg [Br] 1990;15(3):335-341
Berger RA, Imeada T, Berglund L, An KN. Constraint and material
properties of the subregions of the scapholunate interosseous
ligament. ] Hand Surg Am 1999;24(5):953-962

Woo SL, Gomez MA, Woo YK, Akeson WH. Mechanical properties of
tendons and ligaments. II. The relationships of immobilization and
exercise on tissue remodeling. Biorheology 1982;19(3):397-408
Wang T, Gardiner BS, Lin Z, et al. Bioreactor design for tendon/
ligament engineering. Tissue Eng Part B Rev 2013;19(2):133-146
Wang CL, Hsiao CK, Hsu AT, Dung CZ, Chang CH. Biocompatibility
and mechanical property of LARS artificial ligament with tissue
ingrowth. ] Mech Med Biol 2012;12(1):1-13

Trieb K, Blahovec H, Brand G, Sabeti M, Dominkus M, Kotz R. In vivo
and in vitro cellular ingrowth into a new generation of artificial
ligaments. Eur Surg Res 2004;36(3):148-151

Gao K, Chen S, Wang L, et al. Anterior cruciate ligament recon-
struction with LARS artificial ligament: a multicenter study with
3- to 5-year follow-up. Arthroscopy 2010;26(4):515-523

Nau T, Lavoie P, Duval N. A new generation of artificial ligaments in
reconstruction of the anterior cruciate ligament. Two-year follow-
up of a randomised trial. ] Bone Joint Surg Br 2002;84(3):356-360
Viateau V, Manassero M, Anagnostou F, Guérard S, Mitton D,
Migonney V. Biological and biomechanical evaluation of the
ligament advanced reinforcement system (LARS AC) in a sheep
model of anterior cruciate ligament replacement: a 3-month and
12-month study. Arthroscopy 2013;29(6):1079-1088

Rainbow MJ, Kamal RN, Leventhal E, et al. In vivo kinematics of the
scaphoid, lunate, capitate, and third metacarpal in extreme wrist
flexion and extension. ] Hand Surg Am 2013;38(2):278-288

Journal of Wrist Surgery  Vol. 3 No. 3/2014

197

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



